Objective: Anxiety symptoms are common in chronic pain patients. High levels of anxiety are associated with increased pain experience and disability. Proneness to anxiety has a large interindividual variation. The aim of the study was to determine whether the anxiety-related temperament trait Harm Avoidance (HA), is associated with pain-related anxiety.
Introduction
Anxiety disorders are common in chronic pain patients. Anxiety-associated interpretations of pain, such as pain-catastrophizing, are important determinants of disability in pain patients. Excessive fear of pain contributes to physical inactivity and disuse which further worsen the disability and increase the pain experience [1] . In addition, pain-related catastrophic interpretations and avoidance behaviour may function as a risk factor in the development process from acute to chronic pain [1, 2] .
Proneness to anxiety has a large interindividual variability. Personality related factors may partly explain the variation by enhancing vulnerability to anxiety. Among the most widely used personality models is the one presented by Robert Cloninger. According to the model, human personality is formed by temperament which is a biologically based emotional construct of personality, and character which represents a more mature personality part that develops through social learning and maturing processes. The temperamental traits are considered to be moderately heritable, present in early life, and have stability over the life span [3] .
Harm Avoidance (HA) is a temperamental trait referring to a heritable tendency characterized by inhibition of behaviour as a response to signals of punishment and frustrative non-reward. HA is related to other personality associated constructs of negative affect such as neuroticism [4] and negative affectivity [5] . Several studies have shown the association between HA and depression [6] [7] [8] [9] and anxiety disorders [9] [10] [11] [12] [13] . However, depressive patients have shown state dependent changes in HA scores indicating that HA may have both trait and state dependent characters [14] [15] [16] . Richter and colleagues reported that the two subscales of HA, the HA2 Fear of Uncertainty and the HA4 Fatigability were elevated in patients with recurrent depression suggesting their role as a possible risk factor for persistence of depression [17] .
High levels of neuroticism have been associated with multiple somatic complaints and enhanced pain perception [18, 19] as well as pain-related fear and catastrophizing [20, 21] . Costa and McCrae have shown that negative affectivity correlates with health complaint scales and subjective distress rather than with the objective health status [22] .
High Harm Avoidance has been related to heightened pain perception in healthy subjects in experimental studies [23, 24] . Furthermore, in recent studies chronic pain patients have had elevated levels of HA compared with healthy controls [25, 26] . However, chronic pain may have influence on personality measurements. Fishbain and colleagues reported that some of the trait scores measured by Minnesota Multiphasic Personality Inventory (MMPI) [27] changed with pain treatment denoting a state effect on personality measurement [28] .
The role of the personality factors on pain-related anxiety is not well studied. Only a few studies [23] [24] [25] [26] 29, 30] have used Cloninger's temperament model in pain patients. Our main hypothesis was that Harm Avoidance is associated to the more specific pain-related anxiety. A secondary hypothesis was that state effect of pain influences the association between HA and painrelated anxiety.
Methods

Patients
A total of 121 consecutive patients referred for assessment and treatment to the Helsinki University Central Hospital Pain Clinic were invited to participate in the study. Inclusion criteria were age from 30 to 60 years, chronic pain for at least one year, and fluency in the Finnish language. The exclusion criteria were malignancy, medication with strong opioids, psychosis, and current drug or alchohol abuse. Eighteen patients chose not to participate due to lack of interest or unknown reasons. Three patients were excluded due to the large amount of missing data. Thus, the study population consisted of 100 patients. The study was approved by the Ethics Committee of the Helsinki University Central Hospital. All patients provided a written informed consent.
Data collection
The Pain Questionnaire, a routine self administered questionnaire used for all patients at the Helsinki University Central Hospital Pain Clinic was used. Demographic information and pain intensity measures using the Visual Analogue Scale (VAS), were extracted from this questionnaire. The patients were asked to mark on the line an estimate of their current pain intensity, the worst pain intensity during the past week, the mildest pain intensity during the past week, and current pain distress, using a 100 mm horizontal line with the 0 mm end representing no pain, and the 100 mm end representing maximum pain. As the other scales correlated (Pearson coefficients 0.553 to 0.706) with the current pain intensity, we decided to analyse only the current pain intensity.
In order to assess the possible state effect of depression the Beck Depression Inventory (BDI) [31] , which is a self-administered scale measuring various symptoms of depression, was used. It is comprised of 21 groups of four statements describing the somatic and cognitive-affective symptoms of depression. The patients choose the alternative that best equals their state during the past week. A sum score is counted, a higher score indicating more severe depression. A number of studies support the validity and other psychometric properties of the BDI [32] [33] [34] [35] .
The Temperament and Character Inventory (TCI) [3, 36, 37 ] is a self administered questionnaire that is based on the psycobiological temperament model of Robert Cloninger. The 240 true/ false question version was used. The factorial structure, internal validity and test-retest reliability of the TCI have been previously demonstrated in both general and psychiatric populations [37] [38] [39] [40] [41] . The Finnish version of the TCI was used [41] . In the present study we concentrated on the dimension of HA due to its relevance to the aims of the study.
The HA scale in the TCI is comprised of four subscales describing the different aspects of the trait: Anticipatory Worry HA1 (11 items e.g. ''Usually I am more worried than most people that something might go wrong in the future.''), Fear of Uncertainty HA2 (7 items e.g. ''I often feel tense and worried in unfamiliar situations, even when others feel there is little to worry about.''), Shyness with Strangers HA3 (8 items e.g. ''I often avoid meeting strangers because I lack confidence with people I do not know.''), and Fatigability HA4 (9 items e.g. ''I have less energy and get tired more quickly than most people.'').
The psychometric properties of the Finnish translation have been tested in a normal population sample of 4349 subjects. The results rendered support to the model with four temperament dimensions. The internal consistency of different HA subscales, measured by Cronbach a, varied between 0.64 and 0.72 [41] . Pain-related anxiety was assessed with the Pain Anxiety Symptom Scale-20 (PASS-20) [42] , which is a shortened version of PASS [43] . It is comprised of 20 questions reflecting four facets of pain-related anxiety. Each item is measured by a 6-point Likert scale ranging from 0 = never to 5 = always.
The Fearfulness subscale describes fearful appraisals and interpretations about pain (e.g. ''When I feel pain, I think I might be seriously ill.''). The Cognitive subscale describes cognitive anxiety and difficulties in concentrating (e.g.,''I can't think straight when in pain''.) The Escape/avoidance subscale describes avoidant reactions as a response to pain (e.g. ''I go immediately to bed when I feel severe pain''), and the Physiological anxiety subscale describes physiological symptoms of anxiety (e.g. ''Pain seems to cause my heart to pound and race''.) The factor structure presented by McCracken and Dhingra [42] was used in this study. PASS-20 has shown good reliability and validity, and is considered useful for both clinical and research applications [44] . The Finnish version of PASS-20 was used in the study. The Finnish version has previously been tested in a sample of 116 chronic pain patients. The mean score was 45.1 (SD 9.66, range 21-67). The Cronbach alpha for the total questionnaire was 0.94 [45] .
Statistical analysis
The statistical analyses were performed using the SPSS 19.0 for Windows. Means, standard deviations, distributions and frequencies for variables were calculated. For internal consistency the Cronbach a was used. The kurtosis, skewness, and normality of the continuous variables (Kolmogorov-Smirnov test) were assessed. The differences between genders were tested using Student's ttest.
Pearson correlation coefficient was used to calculate the association between the variables. A series of multiple regression analyses was performed to assess the association of the HA with pain-related anxiety. The dependent variables were PASS and each of its subscales. The independent variables were gender, age, current pain intensity, as well as the HA total score in the model one and the subscales of HA in the model two. Because of the one main outcome and four subscales a Bonferroni correction of 0.05/ 5 was used in the regression analysis. The equations were reanalyzed after adding the BDI to the model. A small number of missing values were replaced by the mean of the variable. In order to identify possible multicollinearity, tolerance and the variance inflation factor (VIF) were calculated.
In order to study the effect of pain on the association, an interaction term was added to the equation. The pain severity level was considered as a moderator. The interaction was tested for those HA scales that had shown association with pain-related anxiety in the previous equations. The interaction term (pain severity6HA scale) was added after controlling the main effects of pain severity and the HA scale in question. The nature of interaction was studied visually by drawing regression lines representing the regression curves at +1SD, mean and 21 SD values of the pain variable [46] .
Results
Sixty-two percent of the patients were female. Mean age was 47.9 years (SD 7.32, range 30-60). Sixty percent were married or cohabiting. Twenty-five percent of the subjects had no professional education, 54% had a vocational education and 21% had a university level education. The employment status was the following: 39% were employed, 39% on sick leave, 12% on pension and 4% unemployed. The median duration of pain was 4 years (range 1-44 years). Sixty-one percent reported that they had had pain for 1-5 years; 22%, 5-10 years, and 16%, more than 10 years. The average current pain score was 59.8 mm (SD 21, range 0-100 mm) on the VAS scale. Men reported higher mean pain intensity than women, (p = 0.013, t = 2.47). This was the only variable with a significant difference between the genders. Descriptive statistics of the pain measure and psychological variables are presented in table 1.
The patients in the study did not differ significantly from those 18 patients who chose not to participate, regarding the mean age or gender distribution. The number of the drop outs was small (3), and they were estimated not to affect the results.. Forty-nine percent of patients were classified as having neuropathic pain, 21% had nociceptive pain, 5% visceral pain, and 25% had idiopathic pain. The most common pain etiologies were arthrotic/connective tissue 20%, spinal cord/spinal root/ prolapsed disc 19%, chronic pain without known origin 18%, traumatic peripheral neuropathy 11%, other peripheral neuropathy 8%, and fibromyalgia 4%.
All the continuous variables except HA3 (Shyness with Strangers) (Z = 1, 610, p = 0.011) had normal distributions according to the Kolmogorov-Smirnov test. As the kurtosis and skewness values of HA3 were acceptable, it was accepted in the analysis. After substituting the missing values of the independent variables one patient was excluded because of a missing value of the dependent variable (PASS).
The correlations between the variables are presented in table 2. No statistically significant correlations between pain intensity and any of the HA or PASS scales were found. Inter-correlations existed between the PASS subscales as expected. The HA subscales were also inter-correlated although the level was not as strong.
Positive correlations existed between several HA and PASS scores. The HA4 Fatigability score correlated with each of the PASS scores, correlations ranging from r = 0.331 (PASS Cognitive) to r = 0.480 (PASS total). The HA1 Anticipatory Worry had positive correlations with PASS scores whereas the two remaining subscales HA2 Fear of Uncertainty and HA3 Shyness with Strangers did not correlate with any of the PASS scores. The BDI score had weak or moderate positive correlation coefficients with several PASS and HA scales.
In the regression analyses the variance-inflation factors were acceptable, 1.038-2.035, indicating that the multicollinearity problem did not exist. In the first model the HA total score was significantly associated with PASS and its subscales except the PASS cognitive subscale (p = 0.098) (Table S1 ). After adding the BDI variable to the equation, these associations became nonsignificant (Table 3. ). In the second model the HA4 Fatigability subscale had a significant association with all PASS scores except PASS Fearfulness, which was associated with the HA1 Anticipatory Worry scale (Table S1 ). Adding the BDI to the equation altered HA4 Fatigability associations only very little (Table 4. ). As the HA4 Fatigability scale appeared significant, an interaction variable (HA4 Fatigability6pain intensity) was added to a regression model after gender, age, and pain intensity and HA subscales. The interaction term was a significant (B = 0.83, p = 0.020) predictor revealing that the association between HA4 Fatigability and pain-related anxiety was conditional on the level (Figure 1. ). The two other interaction terms (HA total score6pain intensity and HA1 Anticipatory Worry6 pain intensity), remained non-significant. In all equation models pain intensity remained unassociated with PASS and its subscales.
Discussion
In the present study the HA of Cloninger's TCI, reflecting the biological tendency characterized by behavioral inhibition, showed a positive association with pain-related anxiety. The HA4 Fatigability score showed the strongest linkage with anxiety having an association with each of the PASS scales. Also the HA1 Anticipatory Worry score was related to anxiety, but only to the PASS fearfulness scale. In the correlation analyses the associations between current pain intensity and HA or anxiety measures remained non-significant. However, an interaction between pain intensity and HA4 Fatigability score was present, indicating that patients with more severe pain had stronger association between HA4 and PASS compared to those with less severe pain.
After controlling the state effect of depression measured by BDI, the associations between the HA total score and PASS scales became non-significant. However, the adding the BDI variable to the equations did not remarkably affect the association between the HA4 Fatigability and PASS scales, nor its interaction effect with pain intensity on PASS.
The association of HA and anxiety agrees with the results of previous studies performed among psychiatric patients with anxiety disorders [11, 47] . The association has also been present in a general population [48] as well as in non-clinical samples [12, 49] . The role of HA as a vulnerability factor for anxiety disorders has been unclear. High HA scores have been reported in the relatives of individuals having the obsessive compulsive disorder (OCD) suggesting that HA might have a role as a familial risk factor [50] . Harm Avoidance has also been linked to anxiety sensitivity [51] , an anxiety-related construct [52] , which has been presented as a predictor of pain-related fear and anxiety [53] .
In the present study the association between PASS and HA relied mainly on the Fatigability -subscale and to a lesser extent on the Anticipatory Worry subscale. The third subscale, Shyness with Strangers, involves statements concerning social avoidance. Thus, a linkage between that subscale and pain-related anxiety scales is understandably weak. The other unassociated HA scale, Fear of Uncertainty, describes tendencies to avoid risk situations. The fear-related questions in PASS concentrate mainly on the fearful appraisals of pain instead of assessing risks, which may explain the discrepancy. The HA Fatigability scale showed the clearest association with the PASS scales. According to the model of Cloninger individuals with high Fatigability have low energy level depending on their personality characteristics. They recover from minor illnesses and stress more slowly than average people do [37] . Fatigability as a trait construct reflects the negative affectivity associated with enhanced subjective distress in somatic illnesses. Persons with high level of neuroticism tend to focus their attention on internal somatic sensations and give them negative interpretations [18] . Thus also individuals with high level of HA indicating Table 4 . Multiple regression analyses with PASS scales as dependent variables and the subscales of HA as independent variables. pessimism, worries, fear, and passive tendencies, may have a reduced threshold to experience more pain-related stress than those with low level of HA. Personality trait measures may change in chronic pain patients with pain treatment indicating state dependence of the measurements [28] . Fatigue and insomnia are common symptoms in chronic pain and other somatic illnesses. As several items of the HA4 Fatigability subscale describe energy level and tiredness, it is possible that the state contamination effect interferes with the measurement. However, previous temperament studies in chronic pain patients have shown higher scores in the HA4 and HA1 subscales compared to pain-free controls while the other HA subscales have not shown a difference [25, 26] . Whether this finding is personality related or state dependent is unclear, because of the cross sectional study design.
The association between HA and PASS became non-significant after controlling for the BDI, suggesting a confounding effect of the depressive state. This may reflect the state effect of depression affecting the trait measurement. [54] . Because of the several somatic items of BDI, there have been concerns about criterion contamination and the validity of the scale [55] . Morley and colleagues have suggested that depression in chronic pain patients differs from the psychiatric model of depression and recommended the use of a specific factor model of BDI in pain patients [56] . It is possible that part of the confounding effect of BDI is due to these somatic or unspecific symptoms.
The pain intensity level affected the relation between the HA4 Fatigability scale and pain-related anxiety. Patients who experienced higher pain level had stronger association between fatigability and anxiety, compared to those who experienced low pain level. The state of depression did not influence this relation. Because of the cross sectional study design the interpretations of this finding are hypothetical. The pain measurement with VAS measures the subjective experience of pain which is linked to several external and internal factors. A higher level of pain can cause more anxiety in persons who are constitutionally low in energy and easily tired. Because the interaction was present only in the Fatigability scale, the possibility of a state effect of pain cannot be eliminated.
The cross-sectional study design is a major limitation of the study, preventing any causality judgements. Therefore, the results need to be tested prospectively with repeated assessments of pain and anxiety in the same patients over time.
Further limitations of the study are the relatively small number of patients, the lack of a control group, and the reliance on selfreport data. The choice to analyse only HA and exclude the other three temperament scales can also be criticized. However, HA can be considered the most relevant temperament scale regarding pain-related anxiety. In addition, the pain measurement was limited to current pain only. The pain questionnaire used in the study included also the visual analogue scales measuring the ''pain at worst'', ''pain at best'', and ''pain distress''. However, additional information was limited due to high intercorrelations and these scales were omitted. Considering the long duration of chronic pain, the patients are likely to recollect the current pain intensity measure most accurately. The heterogeneous pain disorders of the patients may also complicate the interpretation of the results. The HA scores may be susceptible to demographic factors such as gender, age, and educational level. The patient sample in a tertiary clinic is also highly selected. Thus the results of the study are not to be generalized to all chronic pain patients.
In conclusion, specific aspects of Harm Avoidance have relevance to pain-related anxiety. The HA measurement is susceptible to the state effect of depression, however it may explain part of the interindividual variation in pain-related fear and avoidance behaviour. The association between HA and painrelated anxiety may reflect both trait, a general tendency, and state, a situation-related phenomenon. Prospective studies would further clarify the role of HA as a vulnerability factor in chronic pain and pain-related anxiety.
In clinical practice, assessing temperament may help to understand the individual's experience of pain and the related pain behaviour. The anxiety level of the patients affects broadly the whole treatment process. Patients with avoidant or passive reaction styles are likely to need more supportive and intensive treatment methods. Trait anxiety may have an even more profound effect, because of its stability and more constant nature. In the future longitudinal studies could clarify the role of temperamental factors in pain-related anxiety and pain pathogenesis in general.
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